. Immunoprecipitations of CASK and Mint1: Analysis by SDS-PAGE and Silver Staining (A) Rat brain homogenates. Immunoprecipitations were carried out with protein A-Sepharose beads and affinity-purified CASK antibody (lanes 1 and 2), control antibody (lanes 3 and 4), beads alone (lanes 5 and 6), or affinitypurified Mint1 antibody (lanes 7 and 8) with EDTA (E) or Mg 2ϩ (M) . CASK migrates as a doublet because of alternative splicing (Hata et al., 1996) . The 65 kDa band in the Mint1 immunoprecipitates corresponds to BSA added to the antibody for stabilization. Molecular weight standards are shown on the left. (B) Transfected COS cells. CASK was immunoprecipitated from COS cells transfected with Mint1 alone (lanes 1 and 5), with CASK alone (lanes 2 and 6), with both Mint1 and CASK (lanes 3 and 7), or from COS cells separately transfected with Mint1 and CASK and then mixed (lanes 4 and 8). Immunoprecipitations were conducted with CASK antibody in the presence of EDTA (lanes 1-4) or Ca binding to neurexins and syndecans) to signal transducthought to function in synaptic vesicle exocytosis because Mint1 binds to Munc18-1 (n-sec 1), and Munc18-1 tion (via Veli binding to tyrosine receptor kinases analogous to their function in C. elegans) and membrane is essential for exocytosis (Okamoto and Sü dhof, 1997) .
To confirm that Mint1 is indeed complexed to CASK in traffic (via Mint1 binding to Munc18-1).
brain, we immunoprecipitated Mint1. Again CASK and Mint1 were coimmunoprecipitated ( Figure 1A , lanes 7 Results and 8). As analyzed by silver staining, the ratio of CASK to Mint1 was similar independent of which antibody was CASK and Mint1 Form a Tight Complex When we immunoprecipitated CASK from rat brain and used for the immunoprecipitations, suggesting a stoichiometric complex. analyzed the immunoprecipitates by SDS-PAGE and silver staining, a protein of ‫541ف‬ kDa was quantitatively To determine if CASK and Mint1 directly bind to each other, we transfected CASK or Mint1, alone or in combicoprecipitated with CASK ( Figure 1A , lanes 1 and 2). Control antibodies or protein A-Sepharose beads did nation, into COS cells. CASK immunoprecipitations from the transfected COS cells quantitatively brought down not capture CASK or the 145 kDa protein (lanes 3-6). Amino acid sequencing identified the 145 kDa protein Mint1 only when CASK was cotransfected with Mint1 or when CASK and Mint1 were transfected separately as Mint1. Mint1 is a putative vesicular trafficking protein and then mixed (Figure 1B, lanes 3, 4, 7, and 8) . Coimmunoprecipitations were not observed with COS cells transfected with CASK or Mint1 alone (lanes 1, 2, 5, and 6). We obtained similar results with Mint1 immunoprecipitations and ascertained the identities of Mint1 and CASK in the immunoprecipitates by immunoblotting (data not shown). The stoichiometric coimmunoprecipi- tation of CASK and Mint1 suggests that they form a tight (A) Domain structures of Velis and C. elegans complex. To test this, we analyzed the effects of high that binding is not purely electrostatic. The complex (C) Immunoblot analysis of Velis in rat tissues. Equivalent amounts could only be partially dissociated with 0.6 M KI or 0.5% of protein from the indicated tissues were probed with an antibody SDS/2% Triton X-100 (lanes 5 and 6). raised to Veli2. Immunoprecipitations and amino acid sequencing of Velis from rat brain indicated that the various bands detected all correspond to Velis (not shown). Molecular weight standards are
Identification of Velis, Vertebrate LIN-7 Homologs
shown on the left.
In C. elegans, mutations in three genes called lin-2, lin-7, and lin-10 result in similar mislocalizations of the LET-23 receptor tyrosine kinase in vulval precursor cells. This 1, 2, and 3 ( Figures 3A and 3B ). The sequences of cDNA suggests that the products of the lin-2, -7, and -10 genes clones encoding the three Velis revealed that they are collaborate to target the LET-23 receptor to basolateral composed of two domains: an N-terminal domain that membranes (Kim, 1997) . Mislocalization abolishes LETis highly homologous to the central domain of C. elegans 23 signaling in spite of normal protein levels of LET-23. LIN-7, and a C-terminal PDZ domain that is also conInterestingly, lin-2 is the C. elegans homolog of CASK served in C. elegans LIN-7. The N-terminal domain of (Hoskins et al., 1996) . lin-10 was originally identified as C. elegans LIN-7, however, is absent from the Veli sea gene without homology to known sequences (Kim and quences that we determined, raising the question of Horvitz, 1989) , but a recent reevaluation showed that it whether the sequences are full-length. To address this, corresponds to Mint (C. W. Whitfield et al., submitted).
we raised an antibody to Veli2. On immunoblots, this Similar to CASK/LIN-2 and Mint/LIN-10, LIN-7 is a PDZ antibody reacted with multiple Veli proteins of 27-32 domain protein. The PDZ domain of LIN-7 binds to LETkDa that were differentially distributed between tissues 23 (Simske et al., 1996) .
( Figure 3C ). Highest levels were observed in brain. We Since CASK and Mint1 form a complex, it is possible then tested if the Veli cDNA clones encode full-length that an as yet unknown vertebrate LIN-7 homolog also Velis by transfecting Veli cDNAs into COS cells and anaparticipates in this complex. To determine whether verlyzing the size of the proteins produced by immunoblottebrates express proteins related to LIN-7, we searched ting (data not shown; see also Figures 5 and 6). These EST databanks. We identified three isoforms that we experiments revealed that the upper (32 kDa) Veli band in the tissue immunoblots corresponds to Veli1, whereas named Veli1, -2, and -3 for vertebrate LIN-7 homologs the lower (27 kDa) band comigrates with Veli2, sugthe N-terminal domains of Mint1 (GST-Mint-1A), but not by GST-fusions of the C-terminal domains (GSTgesting that the Veli sequences we obtained are full length. In addition, direct amino acid sequencing and Mint1-PTB and -PDZ) ( Figure 4 , lanes 1, 4, and 5). Further division of GST-Mint1-A into an N-terminal part (GSTmass fingerprinting of tryptic peptides from immunoprecipitated Velis confirmed that the bands recognized by Mint1-B) and a C-terminal part (GST-Mint1-C) showed that only GST-Mint1-C, located N-terminally to the PTB the antibody correspond to the cloned Velis (data not shown).
domain, pulls down CASK and Velis, whereas GSTMint1-B is ineffective ( Figure 4B , lanes 2 and 3). Previous studies demonstrated that Mint1 binds to Munc18-1 via Velis, CASK, and Mint1 Form a Tripartite Complex a sequence contained in GST-Mint1-A (Okamoto and We next explored the possibility that CASK, Mint1, and Sü dhof, 1997). In agreement with these studies, GSTVelis form a single tripartite complex to explain the geMint1-A and -B, but not -C, captured Munc18-1 ( Figure  netic interactions observed in C. elegans with their ho-4B, lanes 1-3). mologs (Lin2, -7, and -10). First we examined if Velis were present in the CASK and Mint1 immunoprecipitates described above (Figures 1 and 2 ). In our initial experiDefinition of the CASK-Binding Sites for Mint1 and Velis ments, Velis were not observed because they are relatively small and were run off the gels. However, when
The experiments shown in Figure 4 demonstrate that Munc18-1 and CASK bind to separate but adjacent sites we reanalyzed the CASK and Mint1 immunoprecipitates by immunoblotting for Velis on high-percentage gels, on Mint1 that do not involve the PTB or PDZ domains. Which sequences of CASK are involved in binding to we found that Velis were coimmunoprecipitated with CASK and Mint1, suggesting they are present in a single Mint1 and Velis? To identify the CASK sequences that participate in binding to Mint1 and Velis, we prepared complex (data not shown). These results were confirmed in COS cells transfected with CASK, Mint1, and Velis.
CASK GST-fusion proteins containing part or all of the CaM kinase domain of CASK (GST-CASK-A and -B), the COS cell transfections of only Mint1 and Velis without CASK demonstrated that Velis and Mint1 were not coimregion between the CaM kinase domain and the PDZ domain (GST-CASK-C), or various C-terminal domains munoprecipitated in the absence of CASK and probably do not directly bind to each other (data not shown).
(GST-CASK-D and -E) ( Figure 5A ). We then purified synaptic plasma membranes (SPMs) from brain and utilized We then sought to define the pairwise interactions between CASK, Mint1, and Velis. For this purpose, we them for GST-pulldown experiments with the various CASK fusion proteins. Binding of Mint1, Velis, and neuused GST-pulldown experiments in which a series of Mint1 fusion proteins were employed for affinity purificarexins to CASK was studied by immunoblot analyses. In order to control for the amounts of GST-fusion proteins tion of brain proteins (Figure 4 ). Both CASK and Velis were brought down by GST-fusion proteins containing used in the pulldown experiments, we also probed the blots with antibodies to GST ( Figure 5B ). The results
A Family of MAGUKs Binds Velis
Our studies paint a picture of CASK as a modular protein show that CASK forms a complex with Mint1 and Velis via interactions between the N-terminal domains of all that forms a tripartite complex with Mint1 and Velis. In brain, this complex is linked to neurexins that participate three proteins, but not their PDZ domains, which are left free to interact with other proteins.
in intercellular junctions by binding to neuroligins. However, neurexins and neuroligins are neuron-specific in Immunoblotting demonstrated that SPMs contain Mint1, CASK, and Velis in addition to ␣-and ␤-neurexins vertebrates, and CASK and Mint1 are highly enriched in neurons (Ushkaryov et al., 1992; Hata et al., 1996; (Figure 5B, lane 1) . Using pulldown experiments with the GST-CASK fusion proteins, we observed that the Okamoto and Sü dhof, 1997) . By contrast, Velis are abundant in all cells and tissues, with only a moderate enrich-N-terminal CaM kinase domain of CASK selectively binds to Mint1 ( Figure 5B , lane 2). The full-length CaM ment in brain (Figure 3 ). These observations suggest that Velis may be promiscuous and also couple to other kinase domain (GST-CASK-B) is required; C-terminal truncations of the domain (GST-CASK-A) were inactive interaction partners besides CASK. We performed databank searches for sequences that (data not shown). Velis interacted with the domain of CASK located between the CaM kinase domain and the resemble the Veli-binding domain of CASK and identified sequences with significant homology in the N ter-PDZ domain (lane 3), suggesting that this constitutes the Veli-binding sequence of CASK. Neurexins were affinity mini of DLG2 and DLG3. DLG2 and DLG3 were isolated as human homologs of Drosophila dlgA, a gene involved purified only with the C-terminal parts of CASK, which include the PDZ domain (lane 4).
in septate junctions (Woods and Bryant, 1993; Mazoyer et al., 1995; Smith et al., 1996) . DLG2 and DLG3 are To examine if Velis bind directly to CASK, we performed similar experiments with COS cells ( Figure 5B , MAGUKs similar to DLGA, PSD-95, and CASK. They are composed of the same domains as other MAGUKs but lanes 5-10). COS cells express endogenous Velis of approximately 27 kDa but contain no endogenous Mint1 contain an extra N-terminal sequence that resembles the Veli-interacting domain of CASK. Thus, CASK and or neurexins (lane 9). Transfection of Veli1 results in a new 32 kDa band that reacts with Veli antibodies (lane DLG2/3 are similar in structure except that the N terminus of CASK includes an additional CaM kinase domain 7) and comigrates with the 32 kDa Veli band in SPMs (lane 1). Endogenous Veli and transfected Veli1 bound that is absent from DLG2 and DLG3 ( Figure 6A ). To explore the possibility that DLG2 and DLG3 also efficiently to the CASK sequence between the CaM kinase and PDZ domains, indicating that Velis bind to bind to Velis, we cloned the N-terminal sequences of rat DLG2 and DLG3 from total rat brain mRNA. We produced this sequence directly (Figure 5B, lanes 7, 8, and 10) .
Complementary binding experiments with Veli GST-GST-fusion proteins of DLG2 and DLG3 for use in pulldown experiments with transfected COS cells and brain fusion proteins confirmed these interactions and localized the binding site for CASK to the N-terminal domain homogenates ( Figures 6B and 6C ). As described above, COS cells express an endogenous Veli of 27 kDa, while of Velis (data not shown). Figure 6B ). We incubated lysates from nontransfected COS cells or on the colocalization of CASK with the neurexin/neuroligin complex in synaptic junctions. To test this directly, from COS cells transfected with Veli1 with GST-fusion proteins containing CASK, DLG2, or DLG3 sequences.
we performed subcellular fractionations of brain and analyzed the relative distributions of CASK, neurexins, GST-CASK, -DLG2, and -DLG3 specifically captured endogenous and transfected Velis, whereas control neuroligins, and synaptic vesicle markers ( Figure 7) . The results show that CASK coenriches with ␣-and ␤-neu-GST-proteins did not (lanes 6 and 10). Thus, in addition to CASK, Velis bind to DLG2 and DLG3. Similar experirexins and neuroligins in synaptic plasma membranes ( Figure 7 , lane 6). The relative distributions of CASK, ments were performed with brain homogenates with identical results ( Figure 6C ). Studies with a shorter DLG2 neurexins, and neuroligins and their degree of enrichment in SPMs are very similar. Synaptic vesicle proteins construct (GST-DLG2B) that contains only the N terminus of DLG2 gave the same results, confirming that the (synaptotagmin and synaptophysin) are present in both synaptic vesicles and SPMs, as would be expected from sequence N-terminal to the PDZ domain binds Velis (data not shown).
the presence of docked vesicles on the synaptic plasma membrane. Since CASK and neuroligin are synaptic and both bind to neurexins, neurexins are likely present in Synaptic Localization of the Tripartite Complex Our data show that the PDZ domain proteins CASK, a single synaptic complex with CASK and neuroligins. Mint1, and Velis form a tight tripartite complex via non-PDZ domain interactions. CASK is concentrated at synDiscussion aptic junctions (Hsueh et al., 1998) , and Velis and Mint1, as shown above, are present at considerable levels in Our results define a novel tripartite protein complex in brain. The complex is composed of three proteins: SPMs ( Figure 5B ). This suggests a model whereby CASK links synaptic cell adhesion mediated by neurexins/neu-CASK, Mint1, and Velis. The CASK/Mint1/Veli complex was found as a native complex and reconstituted from roligins to synaptic membrane traffic performed by Mint1 and Munc18-1 and to synaptic signal transduction recombinant proteins produced in transfected COS cells and in bacteria. CASK, Mint1, and Veli are composed proteins recruited by Velis (see Discussion). This model CASK and Mint1 were originally identified in very different contexts. In vertebrates, CASK was discovered as a neurexin-binding protein (Hata et al., 1996) . Neurexins form an asymmetric junction between neurons by binding to neuroligins. This junction is coated by CASK on the neurexin side and by PSD-95 on the neuroligin side (see model in Figure 8 ; reviewed in Missler and Sü dhof, 1998) . CASK and neuroligins are highly concentrated in synapses, indicating that the neurexin/neuroligin junction and its associated proteins are synaptic (Hsueh et al., 1998; J.-Y. Song et al., submitted). Thus, in brain, CASK may participate in establishing or maintaining synaptic junctions as specialized intercellular junctions. CASK is also expressed outside of brain, whereas neurexins and neuroligins are not, suggesting that in nonneuronal cells, CASK may participate in intercellular junctions by binding to other proteins. In invertebrates, CASK was discovered simultaneously as a potential neuronal CaM kinase in Drosophila and as the lin-2 gene in C. elegans (Hoskins et al., 1996; Martin and Ollo, 1996) . Mutations in these genes cause phenotypes that support a function for CASK in intercellular junctions, either by disrupting cell-cell signaling during development in C. elegans or by affecting nervous system function (Drosophila).
In contrast to the functional identification of CASK, Mints were first described (but later ruled out) as candidate genes for a genetic disease, Friedreich's ataxia (Duclos et al., 1993; Duclos and Koenig, 1995) . The original work characterized partial sequences of Mint1 as human X11 and partial sequences of Mint2 as mouse X11 and demonstrated that they are neuron-specific. Further cloning revealed that Mints comprise a family of three isoforms that share C-terminal PTB and PDZ domains but differ in their N-terminal sequences Sü dhof, 1997, 1998) . Mint1 and Mint2 bind to Munc18-1, a vesicle trafficking protein, suggesting that Mints function in exocytosis. In addition, Mints bind to ␤-APP via their PTB domain (Zhang et al., 1997) . The third component of the junctional complex that we characterized here are Velis, vertebrate LIN-7 homologs. We describe three distinct Velis that are composed of two highly conserved domains (Figure 3 ): an N-terminal domain that binds to CASK, and a C-terminal PDZ domain kinases in epithelial cells. Our observation that CASK, Velis, and Mint1 form a complex suggests a physical mechanism by which lin-2, -7, and -10 collaborate to of mosaics of domains. All three proteins contain PDZ localize receptors. The tight complex between CASK/ domains but do not bind to each other via PDZ domains.
LIN-2, Mint1/LIN-10, and Velis/LIN-7 may not only target Rather, their PDZ domains are free to recruit other proreceptors to specific plasma membrane specializations, teins to the complex. Unlike many other protein-protein but actually create these specializations. Thus, the triinteractions that are primarily electrostatic (such as PDZ partite complex may function as a protein scaffold that domain interactions), the tripartite complex is resistant couples cell adhesion to intercellular signaling and to high salt concentrations. It creates a stable local clusmembrane traffic in multiple cell types. ter of PDZ domains that may serve to attract cell surface Based on our data, we propose a model for the function of the tripartite complex in synapses (Figure 8) . The receptors and signaling molecules. N-terminal CaM kinase domain of CASK recruits Mint1.
is that tight junctions are symmetric, whereas synapses are asymmetric. This correlates well with the symmetric The adjacent CASK domain that we identified in the related MAGUKs DLG2 and DLG3 binds to Velis. The architecture of tight junctions and the asymmetric design of the neurexin/neuroligin junction that contains very tight complex formed by the N-terminal domains of CASK, Mint1, and Velis leaves the C-terminal domains PSD-95 and the tripartite complex of CASK, Mint1, and Velis on opposite sides. of these three proteins free to bind to other components (Figure 8 ). The C-terminal domains of CASK anchor the tripartite complex to the neurexin-neuroligin junction,
Experimental Procedures
to syndecans, and to the cytoskeleton in more labile cDNA Cloning interactions (Hata et al., 1996; Cohen et al., 1998) . AcFull-length clones for human Veli1 (#742834), mouse Veli2 (#391220), cording to our model (Figure 8 ), the tripartite complex and Veli3 (#870825), as well as partial clones for human Veli2 functions to coassemble synaptic adhesion (via neurex-(#397625 and #859450), were identified in the EST databanks using ins) with signal transduction (in analogy to the binding BLAST searches with the C. elegans lin-7 sequence. Clones were of tyrosine receptor kinases to LIN-7 in C. elegans) and obtained and fully sequenced. The N-terminal domains of DLG2 and synaptic vesicle exocytosis (via Munc18-1). This implies DLG3 from the initiator methionine to the end of the PDZ domains were cloned from total rat brain cDNA by PCR using oligonucleotides a presynaptic function for CASK as an organizer protein designed based on the human sequences. The PCR products were analogous to the postsynaptic function of PSD-95. Expression vectors for GST-fusion proteins were constructed in pGEX-KG (Guan and Dixon, 1991) by standard procedures (Sam-ZO2 and ZO3 (Anderson et al., 1988; Denker and Nigam, brook et al., 1989) . The following GST-fusion proteins were produced 1998; Haskins et al., 1998) . ZO1, -2, and -3 are MAGUKs by the indicated vectors (residue numbers in parentheses): 1. CASK.
that contain PDZ domains but are bound to each other GST-CASK-A ϭ pGEXCASK3-9 (1-275); GST-CASK-B ϭ pGEXvia non-PDZ domain interactions. As a result, tight junc-CASK3-13 (1-337); GST-CASK-C ϭ pGEXCASK25/Sac (328-510); tions are coated intracellularly on both sides by protein ; GST-CASK-E ϭ pGEXcomplexes that create high local concentrations of PDZ . 2. Mint. GST-Mint1A ϭ pGEX Mint1-5 (residues 116-432); GST-Mint1B ϭ pGEX Mint1-5/SacI (116-284); GSTdomains. Tight junctions serve not only to connect phys-Mint1 (pCMVMint1) were described previously (Hata et al., 1996;  Miscellaneous Procedures Subcellular fractionations were carried out as described (Jones and Okamoto and Sü dhof, 1997) . Full-length Veli expression vectors were constructed by cloning the BglII/NotI insert from clone #742834 Matus, 1974) . SDS-PAGE, silver staining, and immunoblotting were performed using standard procedures (Blum et al., 1987 ; Ushkaryov into the same sites of pCMV6 (pCMVVeli1) or the EcoRI/HindIII insert from clone #391220 into the same sites of pCMV5 (pCMVVeli2). et al., 1992) . Protein concentrations were determined using the Pierce BCA protein assay or a Coomassie blue-based assay kit Bacterial expression of GST-fusion proteins and COS cell transfections were described previously (Okamoto and Sü dhof, 1997) . GST-(Bio-Rad). pulldown assays were performed with the same protein extracts, buffers, and incubation times as the immunoprecipitations (see beAcknowledgments low) with 2-20 g of GST-fusion proteins.
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Protein Sequencing
Duclos, F., and Koenig, M. (1995) . Comparison of primary structure Proteins eluted from anti-Cask and anti-Veli2 columns used for preof a neuron-specific protein, X11, between human and mouse. parative immunoprecipitations were precipitated with ethanol and Mamm. Genome 6, 57-58. separated by SDS-PAGE. After staining with Coomassie brilliant Duclos, F., Boschert, U., Sirugo, G., Mandel, J.-L., Hen, R., and blue R-250, bands were excised from the gel and digested with Koenig, M. (1993) . Gene in the region of the Friedreich ataxia locus trypsin (Rosenfeld et al., 1992) . Analysis of the tryptic peptides was encodes a putative transmembrane protein expressed in the nerperformed by peptide mass fingerprinting in a MALDI-TOF mass vous system. Proc. Natl. Acad. Sci. USA 90, 109-113. spectrometer (Jensen et al., 1996) and/or Edman degradation. PepGrindstaff, K.K., Yeaman, C., Anandasabapathy, N., Hsu, S.-C., Rotides were purified by HPLC and sequenced by Edman degradation. drigeuz-Boulan, E., Scheller, R.H., and Nelson, W.J. (1998). Sec6/8 The following peptide sequences were obtained from the 145 kDa complex is recruited to cell-cell contacts and specifies transport protein coimmunoprecipitated with CASK (protein identification in vesicle delivery to the basal-lateral membrane in epithelial cells. Cell parentheses; underlined residues are equivocal): VVGTPGGSEVGQ 93, 731-740. (Mint1); GGYEAERAQDDAD (unknown); PYDPDEV (Mint1); PPV Guan, K.L., and Dixon J.E. (1991) . Eukaryotic proteins expressed in TTVLI (Mint1). We obtained from the Veli immunoprecipitates multiEscherichia coli: an improved thrombin cleavage and purification ple bands on high-resolution gels that yielded the following seprocedure of fusion proteins with glutathione S-transferase. Anal. quences. ≈26K: xVELLKPE; xATVAAFAASEGHSHPR; IIPGGIADR; Biochem. 192, [262] [263] [264] [265] [266] [267] . ≈27K: TEEGLGFNIMGGK; LQALQR; ≈25K: LQALQR; RGDQLLSVxG; GDQLLSVN; AIELLEK; ≈28K: LQESGEVPVHK; AIELLEK; RGDQ Haskins, J., Gu, L., Wittchen, E.S., Hibbard, J., and Stevenson, B.R. LLSVNGVSVE; VLQSEFCTAIR; ≈31K: EQNSPI; ATVAAFAASEGH; (1998). ZO-3, a novel member of the MAGUK protein family found RGDQLL; AIELLEK; RGDQLLSV.
at the tight junction, interacts with ZO-1 and occludin. J. Cell Biol. 141, [199] [200] [201] [202] [203] [204] [205] [206] [207] [208] Hata, Y., Butz, S., and Sü dhof, T.C. (1996) . CASK: a novel dlg/PSD95 Antibodies homolog with an N-terminal calmodulin-dependent protein kinase Most antibodies were described previously (Hata et al., 1996; Oka- domain identified by interaction with neurexins. J. Neurosci. 16, moto and Sü dhof, 1997). Antibodies against Veli2 were raised in 2488-2494. rabbits against GST-Veli2 (T813). For most applications, the antiHoskins, R., Hajnal, A.F., Harp, S.A., and Kim, S.K. (1996) . The C. CASK, anti-Mint1, and anti-Veli2 antibodies were affinity purified elegans vulval induction gene lin-2 encodes a member of the using the corresponding fusion proteins immobilized on CNBr-acti-MAGUK family of cell junction proteins. Development 122, 97-111. vated Sepharose, and GST-reactive antibodies were blocked using preabsorption with GST.
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